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includes a bleed line to tank to facilitate evacuation of air and 
vapor from the fuel lines to assist in priming the fuel system. 
An anti-drainback valve prevents fuel vapor from migrating 
in a reverse direction through the bleed line toward the fuel 
pump during long periods of engine shut down. The inclusion 
of the anti-drainback valves helps facilitate short cranking 
times on the order of three seconds or less during engine start 
up, even after prolonged periods of engine shut down. 

19 Claims, 3 Drawing Sheets 
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LIQUID FUEL SYSTEM WITH 
ANT-DRAINBACKVALVE AND ENGINE 

USING SAME 

TECHNICAL FIELD 

The present disclosure relates generally to liquid fuel sys 
tems for engines, and more particularly to an anti-drainback 
valve for preventing vapor migration into the fuel system 
during engine shut down. 

BACKGROUND 

Most liquid fuel systems for internal combustion engines 
include one or more pumps and valves for delivering pressur 
ized fuel to combustion chambers of the engine. In higher 
pressure fuel systems, such as those typically referred to as 
common rail fuel systems, priming the fuel system can be 
problematic. For instance, after a filter change or other Ser 
vicing, Some air may enter the system. Typically, this air must 
be evacuated by priming the system prior to starting the 
engine. Because the system operates at Such high pressures, 
the fuel system may include a bleed line with a bleed orifice 
that allows trapped vapor to be evacuated back to the tank 
during a priming operation, rather than requiring the priming 
strategy to overcome relatively high opening pressures of 
regulating valves within the fuel system. Thus, a bleed line 
may help facilitate quicker priming of a fuel system, but Such 
a strategy is not without consequences. For instance, during 
prolonged periods of engine shut down, vapor from the tank 
can migrate into the fuel system in a reverse direction along 
the bleed line. While fuel vapor entering the fuel system in 
this manner is not a problem, it can be perceived as a problem 
due to the extra engine cranking time necessary to evacuate 
the fuel vapor back to tank prior to engine start up. Thus, the 
fuel system may be working perfectly, but an operator may 
perceive a problem with engine cranking times on the order of 
three to ten seconds necessary to evacuate the fuel vapor from 
the fuel system prior to engine start. 

The present disclosure is directed to at least one of the 
problems set forth above. 

SUMMARY OF THE DISCLOSURE 

In one aspect, an engine includes a housing with a plurality 
of combustion chambers disposed therein. A common rail 
fuel system is attached to the housing and includes a bleed 
line to tank, and an anti-drainback valve operably positioned 
in the fuel system to prevent fuel vapor from migrating from 
the fuel tank toward a pump when the engine is shut down. 

In another aspect, a liquid system for an engine includes a 
low pressure transfer pump with an inlet fluidly connected to 
a tank. A high pressure pump has an inlet fluidly connected to 
an outlet of the transfer pump, and an outlet fluidly connected 
to the tank via a bleedline that includes a bleed orifice. A high 
pressure reservoir has an inlet fluidly connected to the outlet 
of the high pressure pump. An anti-drainback valve is fluidly 
positioned between a pump side of the bleed orifice and the 
tank. 

In still another aspect, a method of operating an engine 
includes evacuating vapor from fuel lines of a common rail 
fuel system to a fuel tank via a bleedline when a fuel pump is 
moving. Migration of vapor from the fuel tank through the 
bleed line toward the fuel pump is prevented when the engine 
is shut down by closing an anti-drainback valve of the com 
mon rail fuel system. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of an engine according to 
one aspect of the present disclosure; 

FIG. 2 is a perspective view of a portion of the engine of 
FIG. 1; and 

FIG. 3 is a sectioned view of an anti-drainback valve 
according to the present disclosure. 

DETAILED DESCRIPTION 

Referring to FIG. 1, an engine 10 includes a plurality of 
combustion chambers 12 and a liquid fuel system 14. Those 
skilled in the art will appreciate that the present disclosure is 
illustrated in the context of a common rail fuel system for a 
direct injection diesel type engine. However, the present dis 
closure is also applicable to other liquid systems for engines, 
including but not limited to high pressure hydraulic systems, 
and various high pressure liquid systems associated with 
spark ignition engines. In the illustrated embodiment, liquid 
fuel system 14 includes a fuel tank 15 that typically contains 
an amount of liquid fuel 60 and vapor 61. A relatively low 
pressure fuel transfer pump 16 includes an inlet 32 fluidly 
connected to tank 15 via a supply line 22. In the illustrated 
embodiment, a hand priming pump 25 is fluidly connected to 
supply line 22 between a pair of check valves 23 and 24. 
Supply line 22 also includes a large particle filter upstream of 
the inlet 32 of transfer pump 16. In the illustrated embodi 
ment, fuel transfer pump 16 is gear driven directly by engine 
10 in a well known manner to produce more fuel than that 
required by the engine across its operating range. Those 
skilled in the art will appreciate that low pressure fuel transfer 
pump 16 can also be electrically driven and may take other 
forms other than that shown here. For instance, in the illus 
trated embodiment, transfer pump 16 includes an internal 
passageway with a check valve 34that circumvents the pump 
ing mechanism to facilitate priming the entire fuel system 14. 
In addition, transfer pump 16 may include an internal recir 
culation line 30 with an inlet fluidly connected adjacent an 
outlet 33 of transfer pump 16 and an outlet of the recirculation 
line connected to the inlet 32 of transfer pump 16. A pressure 
regulating valve 31 opens to allow any excess fuel produced 
by transfer pump 16 to simply be recirculated back to the inlet 
32. Nevertheless, those skilled in the art will appreciate that 
other systems may include fluid passageways not associated 
with pump 16 to facilitate priming and/or pressure regulation. 
The inlet 44 of a high pressure pump 17 is fluidly connected 

to the outlet 33 of fuel transfer pump 16 via a circulation line 
37. An anti-drainback valve 65 is positioned in circulation 
line 37, and includes a valve member 66 biased into contact 
with a conical valve seat 67 via a biasing spring 68. The 
pre-load on biasing spring 68 need only be sufficient to urge 
the valve member into seat 67 to close circulation line 37 
when pump 16 is not operating. Those skilled in the art will 
appreciate that if anti-drainback valve 65 were mounted in a 
Vertical orientation, it might be possible that gravity could 
Supply the necessary bias to urge valve member 66 into con 
tact with valve seat 67. Thus, in Some circumstances, biasing 
spring 68 may be eliminated. A small particle filter 38, which 
includes an inlet 39 and an outlet 40 is fluidly connected in 
circulation line 37 and serves to trap any small particulate 
matter that may have entered fuel system 14 prior to the fuel 
reaching high pressure pump 17. Although not necessary, an 
aftertreatment Supply line 41 may connect to circulation line 
37, and provide means by which fuel may be delivered to an 
aftertreatment or regeneration fuel injector 42 that is posi 
tioned in the exhaust system for Such purposes as regenerat 
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ing diesel particulate filters. Nevertheless, those skilled in the 
art will appreciate that other engines may include different 
strategies for exhaust aftertreatment which may or may not 
include fuel delivery as in the illustrated engine 10. 

High pressure pump 17 may be of any Suitable design and 
may be fixed or variable displacement depending upon the 
control strategy of the particular fuel system. An outlet 45 
from high pressure pump is fluidly connected to an inlet 54 of 
a common rail 18 via a high pressure line 53. Individual fuel 
injectors 19 are fluidly connected to common rail 18 via 
individual branch passages 58 in a manner well known in the 
art. Each of the fuel injectors 19 is positioned for direct fuel 
injection into individual engine cylinders 12 in a manner well 
known in the art. Common rail 18 may also include an outlet 
55 that is fluidly connected to tank 15 via a pressure regulat 
ing valve 56, which may be set to open only when pressure 
exceeds some predetermined high magnitude. The outlet of 
high pressure pump 17 is also fluidly connected to the vapor 
portion 61 of fuel tank 15 via a bleed line 50. Bleed line 50 
may include a bleed orifice 48, which may be part of a pres 
Sure regulator 47, which includes a pressure regulating valve 
49. Bleed orifice 48 may be of any suitable size but may be on 
the order of a half millimeter in diameter to facilitate evacu 
ation of air from fuel system 14 during priming and the like 
without the need to push any trapped air past a pressure 
regulating valve in order to evacuate the same. Bleed line 50 
may also include a check valve 51. 

Referring now to FIG. 2, anti-drainback valve 65 is shown 
mounted outside of engine housing 11 for easy access. In 
particular, and referring in addition to FIG. 3, anti-drainback 
valve 65 includes a pair of external threads 69 and 70 to allow 
it to be easily positioned in an external fuel line for fuel 
system 14 illustrated in FIG.1. In the illustrated embodiment, 
anti-drainback valve is connected in circulation line 37 just 
upstream from the inlet 39 to small particle filter 38, such as 
at a filter base. Although anti-drainback valve 65 can take on 
a variety of forms, it is preferably a poppet style valve that 
includes a valve member 66 that is urged into contact to close 
a conical valve seat 67 via a biasing spring 68 as shown in 
FIG. 3. Thus, many off-the-shelf type valves may be suitable 
for use in anti-drainback valve 65 in liquid systems according 
to the present disclosure. 

INDUSTRIAL APPLICABILITY 

Although the present disclosure is illustrated in the context 
of a high pressure common rail fuel system for a direct injec 
tion diesel type engine, the present disclosure is not so lim 
ited. In particular, the anti-drainback valve of the present 
disclosure may be part of any liquid system for an engine, 
including hydraulic systems, and may also find application in 
other types of engines including but not limited to spark 
ignited engines. The present disclosure finds particular appli 
cation in any liquid system for an engine that includes a bleed 
line to facilitate evacuation of air or vapor that may have 
entered the liquid system due to servicing and/or a prolonged 
engine shut down period. The anti-drainback valve of the 
present disclosure may be positioned anywhere between the 
pump side of bleed orifice 48 and the tank 15. However, the 
present disclosure recognizes that there may be more advan 
tageous locations for the anti-drainback valve. For instance, 
in the common rail fuel system 14 illustrated in FIG. 1, the 
fuel transfer pump 16 continuously produces an excess 
amount of fuel which is at Some Supply rate when the engine 
is running. Some of that Supply rate is provided to the high 
pressure pump 17 at a regulated pressure, and the remaining 
portion of the Supply rate is simply recirculated back through 
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4 
fuel transfer pump 16. Preferably, the fuel recirculated by the 
fuel transfer pump is done upstream from the anti-drainback 
valve of the present disclosure. By doing so, the fuel system 
14 experiences a virtually negligible adverse effect by adding 
the anti-drainback valve 65 to fuel system 14. Those skilled in 
the art will appreciate that the anti-drainback valve 65 essen 
tially amounts to another flow restriction in the fuel system 
14. However, by positioning the anti-drainback valve down 
stream from the recirculation features associated with the fuel 
transfer pump 16, any adverse effects by the anti-drainback 
valve may be addressed by the excess flow produced by the 
fuel transfer pump. In addition, only the fuel that is supplied 
to the high pressure pump 17 need be pushed through the 
anti-drainback valve. Nevertheless, those skilled in the art 
will appreciate that there are numerous other locations in fuel 
system 14 where the anti-drainback valve may be located and 
still function for its purpose of preventing the reverse flow of 
vapor from tank 15 into fuel system 14 during prolonged 
engine shut down, without departing from the scope of the 
present disclosure. In addition, the anti-drainback valve of the 
present disclosure can be added to existing fuel systems. Such 
as being attached to the filter base of the small particle filter 38 
as shown in FIG.2. This strategy allows for the anti-drainback 
valve to be easily incorporated without redesigning virtually 
any aspect of the entire fuel system. Nevertheless, those 
skilled in the art will appreciate that the present disclosure 
also applies to other structures including but not limited to 
incorporating the anti-drainback valve into the structure of 
the pressure regulating valve 47, by adding a spring bias to 
one of the check valves 23 or 24, actually incorporating the 
anti-drainback check valve into the filter base structure for 
one of the particle filters 27 and 38, or any other suitable 
location and/or structure known in the art. 

If the fuel system 14 of FIG. 1 did not include the anti 
drainback valve 65 of the present disclosure, one could expect 
fuel vapor to migrate from tank 15 toward pumps 16 and 17 
during prolonged periods of engine shut down. This migra 
tion may be due to thermal contraction and/or the action of 
gravity, or for any other reason known in the art. In Such a 
circumstance, the fuel vapor does not harm the fuel system, 
but an operator may perceive a problem when they go to start 
engine 10. In such a case, they might experience rather long 
cranking times on the order of 3-10 seconds in order for the 
pumps 16 and 17 to push the vapor back through bleed orifice 
48 and through bleed line 50 back to tank before the system 
pressure can rise up to levels suitable for injection of fuel and 
starting the engine. However, if the fuel vapor is prevented 
from migrating past bleed orifice 48 toward pump 16 and 17 
in the first place, an operator could expect to experience 
relatively short cranking times on the order of less than three 
seconds in order to start engine 10. Thus, by the inclusion of 
anti-drainback valve 65, the perception of a problem associ 
ated with long cranking times can be avoided. The closure of 
anti-drainback valve 65 during engine shut down, Substan 
tially prevents vapor from migrating up through bleed line 50 
towards pumps 16 and 17 since the fuel that the vapor would 
otherwise displace is prevented from being drained back to 
tank by the closure of anti-drainback valve 65. By locating the 
anti-drainback valve downstream from the recirculation fea 
tures associated with the fuel transfer pump 16 but upstream 
from high pressure pump 17, the fuel system 14 may experi 
ence little to no performance degradation by the inclusion of 
the anti-drainback valve. 

It should be understood that the above description is 
intended for illustrative purposes only, and is not intended to 
limit the scope of the present invention in any way. Thus, 
those skilled in the art will appreciate that other aspects of the 
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invention can be obtained from a study of the drawings, the 
disclosure and the appended claims. 
What is claimed is: 
1. A liquid system for an engine, comprising: 
a tank; 
a low pressure transfer pump with an inlet fluidly con 

nected to the tank; 
a high pressure pump with an inlet fluidly connected to an 

outlet of the transfer pump, and an outlet fluidly con 
nected to the fuel tank via a bleed line with an always 
open bleed orifice having pump side adjacent the outlet 
of the high pressure pump; 

a high pressure reservoir with an inlet fluidly connected to 
the outlet of the high pressure pump; and 

an anti-drainback valve fluidly positioned between a pump 
side of the bleed orifice and the outlet of the transfer 
pump. 

2. A liquid system for an engine, comprising: 
a tank; 
a low pressure transfer pump with an inlet fluidly con 

nected to the tank; 
a high pressure pump with an inlet fluidly connected to an 

outlet of the transfer pump, and an outlet fluidly con 
nected to the fuel tank via a bleedline with a bleed orifice 
having pump side adjacent the outlet of the high pressure 
pump; 

a high pressure reservoir with an inlet fluidly connected to 
the outlet of the high pressure pump; 

an anti-drainback valve fluidly positioned between a pump 
side of the bleed orifice and the tank; 

the tank contains fuel and vapor; 
the inlet of the transfer pump being fluidly connected to the 

fuel in the tank; 
the bleed line being fluidly connected to the vapor in the 

tank; 
a large particle filter fluidly positioned between the inlet of 

the transfer pump and the tank: 
a small particle filter fluidly positioned between an inlet of 

the high pressure pump and an outlet of the transfer 
pump; 

the anti-drainback valve being fluidly positioned between 
the large particle filter and the small particle filter; 

the bleed orifice is part of a pressure regulating valve; 
a recirculation line with an inlet fluidly connected to the 

outlet of the transfer pump, and an outlet fluidly con 
nected to the inlet of the transfer pump; and 

a recirculation valve positioned in the recirculation line; 
the inlet of the recirculation line is fluidly connected 

upstream from the anti-drainback valve; 
the anti-drainback valve includes a valve body with two 

sets of external threads; and 
a valve member biased toward contact with a valve seat of 

the valve body via a compression spring. 
3. An engine comprising: 
a housing with a plurality of combustion chambers dis 

posed therein; 
a common rail fuel system attached to the housing and 

including a bleed line to a fuel tank and an anti-drain 
back valve operably positioned in the fuel system to 
prevent fuel vapor from migrating from a the fuel tank to 
a pump when the engine is shut down; 

the anti-drainback valve, which includes a biasing spring, 
is threadably attached to a filter base, and fluidly posi 
tioned between an outlet of a low pressure transfer pump 
and an inlet of a high pressure pump. 

4. The engine of claim 3 wherein the anti-drainback valve 
is exposed outside the housing. 
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6 
5. An engine comprising: 
a housing with a plurality of combustion chambers dis 

posed therein; 
a common rail fuel system attached to the housmnn and 

including a bleed line to a fuel tank and an anti-drain 
back valve operably positioned in the fuel system to 
prevent fuel vapor from migrating from the fuel tank to 
a pump when the engine is shut down; 

the anti-drainback valve is exposed outside the housing: 
the anti-drainback valve includes a valve body with two 

sets of external threads; and 
a valve member biased toward contact with a valve seat of 

the valve body via a compression spring. 
6. The engine of claim 5 wherein the common rail fuel 

system includes: 
a fuel transfer pump with an inlet fluidly connected to the 

fuel tank; 
a high pressure pump with an inlet fluidly connected to an 

outlet of the fuel transfer pump, and an outlet fluidly 
connected to the fuel tank via the bleed line, which 
includes a bleed orifice; 

a high pressure common rail with an inlet fluidly connected 
to the outlet of the high pressure pump; 

a large particle filter fluidly positioned between the inlet of 
the transfer pump and the fuel tank; 

a small particle filter fluidly positioned between an inlet of 
the high pressure pump and an outlet of the fuel transfer 
pump; 

the anti-drainback valve being fluidly positioned between 
the large particle filter and the small particle filter; and 

a fuel injector positioned for direct injection into each of 
the plurality of combustion chambers, and including an 
inlet fluidly connected to an outlet of a common rail. 

7. The engine of claim 6 wherein the common rail fuel 
system includes a recirculation line with an inlet fluidly con 
nected to the outlet of the fuel transfer pump, and an outlet 
fluidly connected to the inlet of the fuel transfer pump; and 

a recirculation valve positioned in the recirculation line. 
8. The engine of claim 7 wherein the inlet of the recircula 

tion line is fluidly connected upstream from the anti-drain 
back valve. 

9. The engine of claim 8 wherein the bleed orifice is part of 
a pressure regulating valve. 

10. A method of operating an engine, comprising the steps 
of: 

evacuating vapor from a fuel line of a common rail fuel 
system to a fuel tank via an always open bleed line when 
a fuel transfer pump is moving; 

reducing performance degradation due to an inclusion of 
the anti-drainback valve in the common rail fuel system 
when the engine is running by locating the anti-drain 
back valve fluidly between the fuel transfer pump and a 
high pressure common rail pump; and 

preventing migration of vapor from the fuel tank through 
the bleed line toward the fuel pump when the engine is 
shut down by closing an anti-drainback valve of the 
common rail fuel system with a spring. 

11. The method of claim 10 including a step of pumping 
fuel at a Supply rate with a fuel transfer pump when the engine 
is running: 

receiving less than all of the Supply rate at an inlet of a high 
pressure pump when the engine is running; and 

recirculating a remaining portion of the Supply rate back 
through the fuel transfer pump. 

12. The method of claim 11 wherein the recirculating step 
is performed upstream from the anti-drainback valve. 
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13. The method of claim 12 including a step of locating the 
anti-drainback valve at an accessible location outside of an 
engine housing via a threaded attachment to a filter base. 

14. The method of claim 13 including a step of cranking the 
engine for less than three seconds when starting the engine. 

15. The engine of claim 1, wherein the anti-drainback valve 
includes a valve body with two sets of external threads; and 

a valve member biased toward contact with a valve seat of 
the valve body via a compression spring. 

16. The engine of claim 1 wherein the anti-drainback valve 
is threadably attached to filter base upstream from a filter 
attached to the filter base. 

8 
17. The engine of claim 16 wherein the filter base is fluidly 

positioned between the outlet of the transfer pump and the 
inlet of the high pressure pump. 

18. The engine of claim 1 wherein the anti-drainback valve 
includes a valve member biased into contact with a valve seat 
via a compression spring. 

19. The engine of claim 18 wherein the anti-drainback 
valve is threadably attached to filter base upstream from a 
filter attached to the filter base; and 

the filter base is fluidly positioned between the outlet of the 
transfer pump and the inlet of the high pressure pump. 

k k k k k 


